Abstract
Introduction
In the recent years the development in communication systems requires the development of low cost, minimal weight and low profile antennas that are capable of maintaining high performance over a wide spectrum of frequencies. Microstrip patch antenna is a single layer design which contains mainly these four parts -Patch, Ground plane, Substrate and Feeding part. It is very simple in construction using conventional microstrip line feed. Patch can be given any shape but rectangular and circular configurations are mostly used. Ground Plane can be finite or infinite according to model (Transmission line -model, cavity model, full wave Model or method of moments) used for analysis of dimensions [1] [2] [3] [4] . Relative Permittivity (Є r ) and height (h) are two important characteristics for substrate, Feeding Part can be implemented in these waysMicrostrip line, coaxial probe, Aperture coupled and Proximity coupled Feed [5] [6] [7] . Single microstrip patch antenna has some advantages (low cost, light weight, conformal & low profile), but it has little disadvantages too like low gain, low efficiency, low directivity and narrow bandwidth. These disadvantages can be overcome by implementation of many patch antennas in array configuration. As we increase number of patch elements to form an array, improvement in performance is observed. For a rectangular patch, the length L of the patch is usually 0.3333λo<L<0.5λo, where λo is the free-space wavelength. The height h of the dielectric substrate is usually 0.003 λo ≤ h≤ 0.05 λo. The dielectric constant of the substrate (Є r ) is typically in the range 2.2 ≤ Є r ≤ 12. In order to design a compact Microstrip patch antenna, substrates with higher dielectric constants must be used which are less efficient and result in narrower bandwidth. Hence a trade-off must be realized between the antenna dimensions and antenna performance [8] [9] [10] [11] .
Design of a Rectangular Single Element Antenna
The  Feed width = 5.5 mm. After optimization we get,
Figure 1. Design of a Single Element Antenna
After optimizing and simulation of the antenna the return loss is found to be -37.1654 dB at 2.45 GHz and the gain is found to be 6.758 dBi at that resonant frequency with a bandwidth of about 33 MHz. The RL plot and the radiation pattern plot is shown below. Here a 2×1 array is designed with the above said dimensions. Formation of an array requires feeding arrangement with proper impedance matched network (as shown in fig.2 ).Inset Fed has been used here, dimensions for feeding line are: width (w1) of 50 ohm impedance line is 3mm and of 100 ohm (w2) is 2.2 mm.
Here an improved gain of 9.64118dBi is obtained but consists of side lobes which was not present in the simple single patch. After simulation we get a return loss of -40.1492dB at 2.45 GHz. From the previous array we designed an array with 4 elements and the element spacing of 53.88mm.
Figure 3. Array with 4 Elements
After simulation we get a Return loss of -40.1154dB at 2.45 GHz with an increased gain of about 12.4062dBi and improved radiation parameters. 
Comparative Study of All the Designs
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Conclusion
From above it is clear that with the increase of the no. of elements, there is an improvement of the antenna radiation parameters like gain, directivity etc. As a future work, we will make comparison between our proposed design for rectangular patch antenna with different design of triangular patch antennas or other shapes and make the array with more elements to provide better radiation efficiency and reduction of mutual coupling by using resonator and reductions in the size. The investigation has been limited mostly to theoretical study due to lack of distributive computing platform. Detailed experimental studies can be taken up at a later stage to find out a design procedure for balanced amplifying antennas. These designed antennas are very simple, cost effective and high efficiency for the applications in GHz frequency ranges. The optimum design parameters (i.e. dielectric material, height of the substrate, operating frequency) are used to achieve the compact dimensions and high radiation efficiency. The operating frequency of all our designed antennas is about 2.45GHz which is suitable for S-band applications.
It would also be possible to design an antenna operating in any other frequency bands by changing the design parameters. In future, we will investigate the spiral arrays with different feeding techniques which seem to be having more improved performances for both series feed and corporate feed networks. 
